The goal of this study was to investigate the utility of inpatient rehabilitation in eleven recipients that underwent adult-to-adult living-donor liver transplantation (LDLT) using the Functional Independence Measure (FIM) scale. Following transplantation, muscle atrophy was noted in all patients and was worse in the lower limbs. Joint stiffness was also noted in the four limbs, especially in the upper limbs. Assessment with the FIM scale demonstrated low motor scores (mean 16) and low cognitive scores (mean 20) before rehabilitation.
Abstract:
The goal of this study was to investigate the utility of inpatient rehabilitation in eleven recipients that underwent adult-to-adult living-donor liver transplantation (LDLT) using the Functional Independence Measure (FIM) scale. Following transplantation, muscle atrophy was noted in all patients and was worse in the lower limbs. Joint stiffness was also noted in the four limbs, especially in the upper limbs. Assessment with the FIM scale demonstrated low motor scores (mean 16) and low cognitive scores (mean 20) before rehabilitation.
Of the six patients that received intensive rehabilitation and were discharged from our institution, inpatient rehabilitation resulted in improvement in joint stiffness but not in muscle atrophy. Of the six patients discharged, final FIM motor scores had improved markedly (mean 61), and the mean postoperative admission period and the mean rehabilitation period were 163 days and 59 days, respectively. 
Materials and Methods
Adult-to-adult LDLT was performed in 27 patients at the Mie University Hospital, Japan, from October 2002 to October 2003. Of these 27 patients, eleven patients demonstrated deconditioning due to long waiting times to transplant and postoperative recovery, and these patients underwent consultation by the Division of Rehabilitation Medicine and were included in the present study. Thus, the study population consisted of nine males and two females, with an age range of 43-66 years (mean 53). Nine patients had cirrhosis related to hepatitis C, with four of these nine cases complicated by hepatocellular carcinoma. The remaining cases consisted of one patient with hepatitis B-induced fulminant hepatitis and another patient with alcoholic cirrhosis. Emergency LDLT was performed in three patients (cases 6, 7, 10) ( Table 1 ). The preoperative model for the end-stage liver disease (MELD) scores ranged from 6 to 39 points (mean 21) and was determined using the work sheet provided on the Mayo Clinic website (http://www.mayoclinic.org/gi-rst/ mayomodel5.html). In all patients, the right lobe of the donor liver was transplanted, and the graft weight ranged from 460-840g (mean 646). The graft-recipient weight ratio (GRWR) ranged from 0.83-1.25 (mean 1.03). The period between LDLT and the start of bedside rehabilitation ranged from 11-133 days (mean 39) ( Table 1) . (Table   2 ). Six patients were discharged from our institution, and five patients died.
Of the six patients discharged, three were able to ambulate without assistance, two were able to ambulate using a cane, and one patient required a wheelchair for mobility. Table 2 ).
The total admission period after LDLT ranged from 41 to 290 days (mean 118). Of the six patients discharged, the mean admission period and the mean rehabilitation period were 163 days and 59
respectively, and hepatic function remained stable during rehabilitation ( Table 2, Table 3 ).
Re-operation was ultimately performed in five cases because of graft necrosis and intraabdominal bleeding ( Table 2) . In the present study, the patient's capacity to perform ADLs was evaluated using the FIM. The mean FIM score before rehabilitation was 36. (Table 3) . Thus, a low-impact exercise regimen may be of benefit both before and after LDLT. ROM and muscle strengthening exercises can produce wound dehiscence or ventral herniation or even dislodge abdominal drains. Further, lying on the left side can increase the risk of graft blood vessel torsion following right lobe transplantation and is contraindicated for at least one week postoperatively. In the present study, wound dehiscence occurred in one patient, but ventral herniation or interference with abdominal drains did not occur. Postoperative delirium is another obstacle to successful rehabilitation following LDLT, interfering with participation in exercises and maintenance of sitting or standing postures. In this study, postoperative delirium was observed in seven of eleven patients, and the cognitive items scores in these patients were lower than those patients without delirium. Delirium generally resolved during the rehabilitation period in all patients except for one (case 6), and ability to conduct ADLs improved in proportion to this clearing in sensorium. In case 6, delirium was recognized during rehabilitation, and the patient's ability to walk did not improve despite the long period of rehabilitation. These data indicate that delirium is an important limiting factor to successful rehabilitation.
Deep venous thrombosis
In addition to the welldescribed phenomenon of postoperative delirium, alterations in mental status in patients undergoing LDLT may result from central pontine myelinolysis.14-18) This demyelinating disorder typically occurs within five days postoperatively (range, 3-12 days) and may result from immunosuppressive agents administered after transplantation.17)
Another factor that may limit rehabilitation following LDLT is acute myopathy, which may result from intraoperative administration of muscle relaxants and postoperative administration of steroids. In fact, acute myopathy was observed in 7% of the patients within one week after undergoing orthotopic liver transplantation.19-21) While none of the patients in the present study displayed signs of acute myopathy, detection of myopathy may be difficult in the setting of altered mental status.
Recent reports describe osteonecrosis of the femoral head (ONFH) and hepatopulmonary syndrome (HPS) as rare complications after liver transplantation in Japan.22-25) While HPS is indeed rare, ONFH is well known skeletal complication that occurs after bone marrow transplantation and 
